INTRODUCTION
As a special multi-carrier modulation scheme, Orthogonal Frequency Division Multiplexing (OFDM) has drawn great attention due to its high spectral efficiency and its robustness in multi-path fading and narrowband interference. Figure 1 consists of modules such as modulation, demodulation, channel estimation, channel model, channel coding, cyclic prefix, and channel decoding, etc. Analysis and simulation results can be found in significant numbers of articles focusing on the effect of the above modules on the performance of OFDM system. The influence of modulation on OFDM system is demonstrated by L.H. Zhang in [1] . He investigated the influence of SNR and the Doppler frequency shift on BER on OFDM in 6-path Rayleigh fading channel, but the investigation was performed under the condition that the influence of multi-path fading on BER was neglected. A.Q. Lv, etc, analyzed the influence on OFDM performance caused by the cyclic prefix (CP), and two different channel estimation algorithms which are least squares (LS) and Linear Minimum Mean-Square Error (LMMSE) (see, e.g., [2] ). The analysis and comparison on these two channel estimation algorithms were given by J.K. Zhang, etc, in [3] . LMMSE is complicated, but unfortunately neither A.Q. Lv nor J.K. Zhang paid their attention on the simplified LMMSE algorithm. J.Z. Zeng, etc, analyzed and simulated LS, LMMSE and low rank simplified Singular Value Decomposition (SVD) algorithms in [4] , but the influence of channel estimation module on system performance was not covered in this article. 
An integrated OFDM communication link in

III. CHANNEL ESTIMATION
According to the different prior information, channel estimation can be roughly divided into pilot signal estimation and blind estimation. As pilot aided channel estimation is of high estimation accuracy, and can effectively compensate the influence of wireless multi-path fading, it is widely used in applications.
A. Analysis of Channel Estimation Algorithm
Here briefly introduces two kinds of channel estimation methods based on pilot. One is LS, the other is the LMMSE channel estimation.
LS channel estimation is formulated by
where p X is the pilot symbols of the transmitter, p Y is the pilot symbols of the receiver.
The performance of LS channel estimator is not very good because it does not take the influence of the noise into account. but in the premise of ensuring a certain BER, its complexity is relatively low.
The LMMSE channel estimation can be expressed as 2 1 distributed in decreasing order. In order to simplify the calculation, we only consider the first P characteristic values in  . The rest N-P characteristic values are set to zero. P is set to 16 during simulation.
IV. THE SIMULATION RESULTS
Simulations are performed according to the configurations in Table 1 Figure 4 shows the BER curve of system in the Gaussian channel and multi-path Rayleigh fading channel. When SNR is zero, the BER of OFDM is about 0.2 in every channel. When SNR is 10, the BER of OFDM is 0.0002, 0.0023, 0.0045, 0.015 in Gaussian, 2-path, 4-path and 6-path channels respectively. This shows that the performance of the system improves as the SNR rises. But the improving effect falls down as the quantity of the paths increases, because the more paths, the more serious channel delay spread is. If SNR is 10, every time when two more paths are added to the channel, the error rate decrease 0.0023, 0.002, 0.0105 respectively. It is obvious that the relationship between BER and path quantity is non-linear. Figure 5 shows the BER curve of OFDM system in COST 207 channel. It can be seen that as the velocity of the mobile station getting faster, the Doppler frequency shift (max) d f becomes greater, the BER climbs as well, so the system performance deteriorates. This is because the Doppler frequency shift will destroy the orthogonality among subcarriers, which will result in inter sub-carrier interference, therefore affect the system performance.We usually take diversity or equalization techniques, etc, to improve the performance of the system. In the same Doppler frequency shift, the difference of BER between different channels is about 0~0.1. With the increase of the Doppler frequency shift, the range of difference is narrowed. When A frame of OFDM symbol block is estimated multiple times using LS, LMMSE and SVD channel estimation algorithms under different SNR conditions. The average BER curve obtained is shown in Figure 6 . Figure 6 that under the same SNR condition, the BER is considerably decreased using channel estimation. This shows that channel estimation can improve the performance of the system. When SNR is zero, the improvement of the system under channel estimation is about 0.04. When SNR is 22, the improvement of the system under channel estimation is about 0.14. The performance increases more than three times. This shows that the higher the SNR, the lower the algorithm is influenced by noise, the more obvious channel estimation improves the system performance. In Figure  6 , it can be seen that LMMSE algorithm is slightly superior to LS algorithm in low BER, with the maximum difference about 0.01. LMMSE can slightly improve the system performance at the expense of much higher complexity. So LS algorithm is preferable when the BER is acceptable, due to its lower complexity and operation cost. When SNR<14, the performance of the LMMSE and SVD algorithm is the same. When SNR>14, the LMMSE algorithm is better than the SVD algorithm. This shows that when SNR increases, the performance of SVD algorithm is instable. The simplification of the system by using SVD algorithm is only adaptable at low SNR.
It is illustrated in
V. CONCLUSION
In this article, a complete OFDM system is programmed using MATLAB and computer simulations are conducted to research the influence of multi-path and Doppler frequency shift to the performance of OFDM systems. And, we simulate the OFDM system using three different channel estimation algorithms and compare the performance. We draw the following three conclusions.
(1) OFDM system can effectively combat multi-path effect, but the multi-path effect still has influence on the performance of OFDM system. The more paths, the more serious delay, the worse performance of the system. BER and the paths is nonlinearly related.
(2) The performance of OFDM is influenced by Doppler frequency shift. As the frequency shift gets larger, the performance of the system becomes worse. Among RA, BU, TU and HT channel models, the HT model is most sensitive to Doppler frequency shift, and the TU model is the least.
(3) In OFDM system, the higher the SNR, the more obviously channel estimation improves the system performance. LS and LMMSE are two kinds of channel estimation algorithms. The simulation results verify the performance of the LMMSE is superior to LS, but the effects are not obvious. In general, the preferred choice is LS algorithm. When SNR increases, the performance of the SVD algorithm is not stable. Its simplification to the system is only suitable under low SNR conditions.
